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Atherosclerosis, a chronic inflammatory disease of large and

medium size arteries, continues to be the leading cause of

cardiovascular events and one of the most common causes of

mortality and cardiovascular disease [1]. Atherosclerotic

lesion progression depends on chronic inflammation in the

artery wall, and the innate and adaptive immune responses

are involved in these processes [2]. In recent years, several

new circulating markers, including C-reactive protein

(CRP), fibrinogen, lipoprotein(a) (Lp(a)), and homocysteine

[3–5] have been proposed as potential risk factors for ath-

erothrombotic vascular disease.

It is known that alteration of the GH/IGF-1 axis contrib-

utes to determining cardiovascular disease as suggested by

clinical studies reporting increased risk for cardiovascular

morbidity and mortality in adults with GH deficiency (GHD)

[6, 7]. Epidemiological studies in the general population

have also shown that IGF-1 levels in the low-normal range

are associated with an increased risk of ischemic heart dis-

ease and stroke outcome [8, 9]. Moreover, activity of GH/

IGF-1 axis decreases with aging [10] and hypothyroidism

[11] both conditions of increased cardiovascular risk.

Hypopituitary GHD adults have been shown to have an

increased number of atheromatous plaques in carotid and

femoral arteries, as compared with control individuals. Other

signs of atheromatosis found in GHD patients include an

increased intima-media thickness, more pronounced stiff-

ness of carotid arteries, and less aortic distensibility [12].

GHD is also associated with abnormalities in body

composition that may have an impact on cardiovascular

risk. In fact, a clustering of cardiovascular clinical risk

factors has been reported in GHD patients, including

truncal adiposity and increased visceral fat, changes in

body composition and insulin resistance, negative changes

in lipid profiles and abnormal hemostatic factors [13].

Echocardiographic studies have demonstrated that adult

patients with GHD have reduced left ventricular (LV) mass

and impaired cardiac performance as shown by decreased

ejection fraction and abnormal LV diastolic filling [14].

Other studies have reported decreased LV posterior wall

thickness, without any difference in internal diameter or

ejection fraction in patients with GHD versus those without

GHD [15]. Despite many studies, although limited in fol-

low-up time and in the number of patients, showing an

improvement in GH-mediated both systolic and diastolic

function by echocardiography or radionuclide angiography

[14, 15], it remains unclear if there may be a direct

favorable effects on cardiac function by physiological GH

replacement therapy [16]. In fact, recently, Andreassen

et al. [17] evaluated cardiac function before and during GH

treatment using cardiac magnetic resonance imaging and

measurement of circulating levels of B-type natriuretic-

peptides. They showed that patients with untreated GHD

had unchanged ejection and LV mass as compared with

control subject. One year of adequate GH replacement

therapy was not associated with significant increases in LV

volume, ejection fraction, or LV mass. No changes in brain
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natriuretic peptide levels compared to control subjects at

baseline or during treatment were observed.

An unfavorable lipid profile is central in the pathogenesis

of atherosclerosis, and the changes in lipids typical of GHD

may help to explain the increased the cardiovascular risk in

untreated GHD. Low IGF-I in GHD may be the primary

mechanism underlying the abnormal body composition and

central fat distribution and may also contribute to the hyper-

cholesterolemia. Total and LDL cholesterol levels decrease

significantly during short-term GH replacement therapy, but

these initial effects have been reported to be lost during long-

term therapy in some, even if not in all studies [18].

A chronic low-grade inflammation has been considered

to play an important role in the atherosclerotic process of

arterial wall. Serum markers of inflammation and in par-

ticular CRP may predict the risk for acute cardiovascular

events in the general population [19]. Moreover, a bulk of

evidence suggests that inflammatory status as expressed by

CRP is a strong and independent predictor of severity of

coronary artery disease [20].

Hypopituitary adults with GHD have also been shown to

have higher baseline CRP and IL-6 levels when compared to

healthy matched controls in some but not in all studies. Se-

smilo et al. [21] reported in a randomized single-blind pla-

cebo-controlled trial that long-term growth hormone

replacement in men reduced CRP levels, which were ele-

vated at baseline, as well as decreased central fat. In com-

bination with these data, the same authors reported the

highest levels of CRP in hypopituitary adult women [22]. In

this issue of endocrine, Li et al. [23] reported that pregnancy

associated plasma protein A (PAPP-A) levels are signifi-

cantly increased in GHD adults versus age and body weight

matched controls. PAPP-A is a member of the matrix

metalloproteinase family originally isolated in serum of

pregnant women but also present in the serum of general

population. PAPP-A has been recently included among

markers of cardiovascular risk being associated both to the

presence of carotid atherosclerosis and acute coronary syn-

drome [24, 25]. Li et al. [23] have not found any correlations

between PAPP-A and CRP levels although also the latter

were found to be increased in GHD patients. First, merit of Li

paper is to confirm that a quite new marker of cardiovascular

risk such as PAPP-A is increased in GHD patients [26].

However, one can argue that this does not add much to what

we already know in this area. In our opinion this may not be

true. In fact, interestingly PAPP-A is directly involved in the

regulation of IGF-1 action by increasing its free and bio-

logically active levels [23]. Therefore, the increase in PAPP-

A may have a compensatory significance directly linked to

GHD. This is a clear distinction with respect to the elevation

of CRP which is at best an indirect expression of GHD.

Furthermore, PAPP-A levels have been shown to be well

correlated with parameters of glucose metabolism, as well as

with altered lipid profile (increase total cholesterol, triglyc-

erides, and decreased HDL cholesterol) [23]. This may

interestingly allow us to suggest PAPP-A as a bridge

between GHD and insulin resistance, altered lipid profile,

and cardiovascular risk.

Clearly, the clinical significance of any cardiovascular

risk markers in GHD needs to be validated evaluating their

behavior during GH substitutive treatment. In a recent

study, Deepak et al. [27] reported a marked fall in CPR

levels during physiological GH replacement in the absence

of changes in body composition. Only a few data are

available about the effect of GH treatment on PAPP-A in

GHD. In fact, it has been shown that PAPP-A significantly

decreased in a small group of GHD patients after 1 year of

GH administration [26]. Interestingly, there are no defini-

tive data in general on the benefit of GHD treatment on

actual cardiovascular risk [28, 29]. In this respect, for the

clinicians the correlation between the decrease of a bio-

chemical marker with the reduction in cardiovascular

events would be the only evidence for introducing this

parameter in clinical practice. We are very far from this

end point since interventional studies in GHD did not

include recently discovered markers and when and if

clinical evidence of cardiovascular benefits of GH

replacement will be shown there will probably not be still

any data on the role of ‘‘non traditional’’ markers. Never-

theless, although data from Li et al. [23] on PAPP-A cannot

be translated immediately into clinical practice they have

interesting pathophysiological implications in that this

biochemical parameter could be hypothesized to be the first

‘‘pathophysiological’’ and not ‘‘generic’’ marker of car-

diovascular risk in GHD patients.

Conflict of interest The authors have no conflict of interest to

disclose.

References

1. V.L. Roger, A.S. Go, D.M. Lloyd-Jones et al., Executive sum-

mary: heart disease and stroke statistics—2011 update. A report

from the American Heart Association. Circulation 123(4), e18–

e209 (2011)

2. G.K. Hansson, A. Hermansson, The immune system in athero-

sclerosis. Nat. Immunol. 12, 204–212 (2011)

3. W. Xu, R. Li, S. Zhang, L. Gong, Z. Wang, W. Ren, C. Xia, Q.

Li, The relationship between high-sensitivity C-reactive protein

and ApoB, ApoB/ApoA1 ratio in general population of China.

Endocrine (2012). doi:10.1007/s12020-012-9599-x

4. N.P. Kadoglou, G. Fotiadis, Z. Athanasiadou, I. Vitta, S. Lam-

propoulos, I.S. Vrabas, The effects of resistance training on

ApoB/ApoA-I ratio, Lp(a) and inflammatory markers in patients

with type 2 diabetes. Endocrine (2012). doi:10.1007/s12020-

012-9650-y

5. C. Gazzaruso, A. Coppola, T. Montalcini, E. Baffero et al.,

Lipoprotein(a) and homocysteine as genetic risk factors for

Endocrine (2012) 42:240–242 241

123

http://dx.doi.org/10.1007/s12020-012-9599-x
http://dx.doi.org/10.1007/s12020-012-9650-y
http://dx.doi.org/10.1007/s12020-012-9650-y


vascular and neuropathic diabetic foot in type 2 diabetes mellitus.

Endocrine 41, 89–95 (2012)

6. A.S. Bates, W. Van’t Hoff, P.J. Jones, R.N. Clayton, The effect of

hypopituitarism on life expectancy. J. Clin. Endocrinol. Metab.

81, 1169–1172 (1996)

7. T. Rosen, B.-A. Bengsston, Premature mortality due to cardio-

vascular disease in hypopituitarism. Lancet 336, 285–288 (1990)

8. M. Bondanelli, M.R. Ambrosio, A. Onofri et al., Predictive value

of circulating insulin-like growth factor I levels in ischemic

stroke outcome. J. Clin. Endocrinol. Metab. 91, 3928–3934

(2006)

9. G.A. Laughlin, E. Barrett-Connor, M.H. Criqui et al., The pro-

spective association of serum insulin like growth factor I (IGF-I)

and IGF-binding protein-1 levels with all cause and cardiovas-

cular disease mortality in older adults: the Rancho Bernardo

Study. J. Clin. Endocrinol. Metab. 89, 114–120 (2004)

10. A. Giustina, M. Licini, A.R. Bussi et al., Effects of sex and age on

the growth hormone response to galanin in healthy human sub-

jects. J. Clin. Endocrinol. Metab. 76, 1369–1372 (1993)

11. A. Giustina, W.B. Wehrenberg, Influence of thyroid hormones on

the regulation of growth hormone secretion. Eur. J. Endocrinol.

133, 646–653 (1995)

12. V. Markussis, S.A. Beshyah, C. Fisher, K.H. Parker, A.N. Ni-

colaides, D.G. Johnston, Abnormal carotid arterial wall dynamics

in symptom free hypopituitary adults. Eur. J. Endocrinol. 136,

157–164 (1997)

13. W.J. Brickman, B.L. Silverman, Cardiovascular effects of growth

hormone. Endocrine 12, 153–161 (2000)

14. A. Colao, C. di Somma, R. Pivonello et al., The cardiovascular

risk of adult GH deficiency (GHD) improved after GH replace-

ment and worsened in untreated GHD: a 12-month prospective

study. J. Clin. Endocrinol. Metab. 87, 1088–1093 (2002)

15. P. Maison, P. Chanson, Cardiac effects of growth hormone in

adults with growth hormone deficiency: a meta-analysis. Circu-

lation 108, 2648–2652 (2003)

16. A. Giustina, Does growth hormone replacement therapy improve

cardiac function? Nat. Clin. Pract. Endocrinol. Metab. 3, 614–615

(2007)

17. M. Andreassen, J. Frystyk, J. Faber, L.Ø. Kristensen, GH activity

and markers of inflammation: a crossover study in healthy vol-

unteers treated with GH and a GH receptor antagonist. Eur.

J. Endocrinol. 166, 811–819 (2012)

18. M. Gola, S. Bonadonna, M. Doga, A. Giustina, Growth hormone

and cardiovascular risk factors. J. Clin. Endocrinol. Metab. 90,

1864–1870 (2005)

19. W. Koenig, M. Sund, M. Frolich, H.G. Fischer, H. Lowel, A.

Doring, C-reactive protein, a sensitive marker of inflammation,

predicts future risk of coronary heart disease in initially healthy

middle-aged men: results from the MONICA (monitoring trends

and determinants in cardiovascular disease) Augsburg cohort

study, 1984 to 1992. Circulation 99, 237–242 (1999)

20. Emerging Risk Factors Collaboration, S. Kaptoge, E. Di Ange-

lantonio, G. Lowe, M.B. Pepys, S.G. Thompson, R. Collins, J.

Danesh, C-reactive protein concentration and risk of coronary heart

disease, stroke, and mortality: an individual participant meta-

analysis. Lancet 375, 132–140 (2010)

21. G. Sesmilo, B.M. Biller, J. Llevadot et al., Effects of growth hor-

mone administration on inflammatory and other cardiovascular risk

markers in men with growth hormone deficiency. A randomized,

controlled clinical trial. Ann. Intern. Med. 133, 111–122 (2000)

22. G. Sesmilo, K.K. Miller, D. Hayden, A. Klibanski, Inflammatory

cardiovascular risk markers in women with hypopituitarism.

J. Clin. Endocrinol. Metab. 86, 5774–5781 (2001)

23. L. Li, W. Ren, J. Li et al., Increase in serum pregnancy-associated

plasma protein-A is correlated with increase in cardiovascular

risk factors in adult patients with growth hormone deficiency.

Endocrine (2012). doi:10.1007/s12020-012-9697-9

24. J.L. Beaudeux, L. Burc, F. Imbert-Bismut et al., Serum plasma

pregnancy-associated protein A: a potential marker of echogenic

carotid atherosclerotic plaques in asymptomatic hyperlipidemic

subjects at high cardiovascular risk. Arterioscler. Thromb. Vasc.

Biol. 23, e7–e10 (2003)

25. C. Heeschen, S. Dimmeler, C.W. Hamm, S. Fichtlscherer, M.L.

Simoons, A.M. Zeiher, CAPTURE Study Investigators, Preg-

nancy-associated plasma protein-A levels in patients with acute

coronary syndromes: comparison with markers of systemic

inflammation, platelet activation, and myocardial necrosis. J. Am.

Coll. Cardiol. 45, 229–237 (2005)

26. C. Joaquin, E. Aguilera, M.L. Granada et al., Effects of GH

treatment in GH-deficient adults on adiponectin, leptin and

pregnancy-associated plasma protein-A. Eur. J. Endocrinol.

158(4), 483–490 (2008)

27. D. Deepak, C. Daousi, M. Javadpour, D. Clark, Y. Perry, J. Pink-

ney, I.A. Macfarlane, The influence of growth hormone replace-

ment on peripheral inflammatory and cardiovascular risk markers

in adults with severe growth hormone deficiency. Growth Horm.

IGF Res. 20, 220–225 (2010)

28. C.C. van Bunderen, I.C. van Nieuwpoort, L.I. Arwert et al., Does

growth hormone replacement therapy reduce mortality in adults

with growth hormone deficiency? Data from the Dutch National

Registry of Growth Hormone Treatment in adults. J. Clin.

Endocrinol. Metab. 96, 3151–3159 (2011)

29. H.J. Schneider, J. Klotsche, H.U. Wittchen, German KIMS board

and of the DETECT study et al., Effects of growth hormone

replacement within the KIMS survey on estimated cardiovascular

risk and predictors of risk reduction in patients with growth

hormone deficiency. Clin. Endocrinol. (Oxf) 75, 825–830 (2011)

242 Endocrine (2012) 42:240–242

123

http://dx.doi.org/10.1007/s12020-012-9697-9

	Growth hormone deficiency and cardiovascular risk: do we need additional markers?
	References


